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(57) ABSTRACT

A device for use with a vehicle-mounted 1image acquisition
umt includes a main body. The main body includes a first
end and a second end opposite to the first end. The main
body further defines an interior cavity extending between the
first end and the second end, and a plurality of apertures
therethrough between the first end and the second end. The
first end of the main body 1s configured to be disposed at or
near the vehicle-mounted 1mage acquisition umt. The
vehicle-mounted 1image acquisition umt has a field of view
extending through the interior cavity and through the second
end to an outside environment surrounding a vehicle.

21 Claims, 11 Drawing Sheets
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DEVICE FOR AN IMAGE ACQUISITION
SYSTEM

TECHNICAL FIELD

The present disclosure relates generally to a device for an
image acquisition unit, and more specifically to a device for
use with a vehicle-mounted 1mage acquisition unit.

BACKGROUND

Vehicles may include one or more i1mage acquisition
units. An 1image captured by the 1mage acquisition unit may
include additional information for alerting or informing a
driver. Stray light emitted from a region other than a region
ol iterest often sets a working limit on a dynamic range of
an 1maging system and limits signal-to-noise ratio or con-
trast ratio. Further, lens of such image acquisition units may
casily catch contaminants, such as, dust, dirt, snow, water
droplets, and other environmental debris. This may
adversely impact normal operation of the 1mage acquisition
units.

SUMMARY

In one aspect, there 1s provided a device for use with a
vehicle-mounted 1mage acquisition unit. The device
includes a main body. The main body includes a first end and
a second end opposite to the first end. The main body further
defines an interior cavity extending between the first end and
the second end, and a plurality of apertures therethrough
between the first end and the second end. The first end of the
main body 1s configured to be disposed at or near the
vehicle-mounted i1mage acquisition unit. The vehicle-
mounted 1mage acquisition unit has a field of view extending,
through the interior cavity and through the second end to an
outside environment surrounding a vehicle.

In an example, the main body may be substantially
cone-shaped such that the main body diverges from the first
end toward the second end.

In an example, the plurality of apertures may be arranged
in a plurality of circumiferential rows spaced apart from each
other along a length of the main body.

In an example, the main body may further include a
plurality of stepped sections disposed adjacent to each other.

In an example, the plurality of stepped sections may be
defined on an inner surface of the main body.

In an example, the main body may further define a
longitudinal axis along 1ts length. An aperture axis of each
aperture may be inclined relative to the longitudinal axis of
the main body.

In an example, at least one aperture from the plurality of
apertures may be cone-shaped along its length.

In an example, each aperture may have a circular cross-
section.

In an example, the first end of the main body may be
secured to the vehicle-mounted 1mage acquisition unit by at
least one of adhesive, fasteners and a ring mount.

In an example, the device may further include a flow umit
configured to generate flow of a fluid withun the interior
cavity such that the fluid may be discharged through the
plurality of apertures.

In an example, the main body may include a material
including at least one of glass-filled nylon, nylon 66, poly-
carbonate (PC), acrylonitrile butadiene styrene (ABS) and
polycarbonate-acrylonitrile butadiene styrene (PC-ABS).
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In another aspect, there 1s provided an 1mage acquisition
system for use with a vehicle. The image acquisition system
includes an 1mage acquisition unit mounted on the vehicle
and a device including a main body. The main body includes
a first end and a second end opposite to the first end. The
main body further defines an interior cavity extending
between the first end and the second end, and a plurality of
apertures therethrough between the first end and the second
end. The first end of the main body 1s configured to be
disposed at or near the 1mage acquisition unit. The 1mage
acquisition unit has a field of view extending through the
interior cavity and through the second end to an outside
environment surrounding the vehicle.

In an example, the 1mage acquisition unit may 1nclude at
least one of cameras, sensors, image sensors, optical sensors,
laser sensors and scanners.

In an example, the main body may be substantially
cone-shaped such that the main body diverges from the first
end toward the second end.

In an example, the plurality of apertures may be arranged
in a plurality of circumierential rows spaced apart from each
other along a length of the main body.

In an example, the main body may further include a
plurality of stepped sections disposed adjacent to each other.

In an example, the main body may further define a
longitudinal axis along its length. An aperture axis of each
aperture may be inclined relative to the longitudinal axis of
the main body.

In an example, at least one aperture from the plurality of
apertures may be cone-shaped along 1ts length.

In an example, the first end of the main body may be
secured to the image acquisition unit by at least one of
adhesive, fasteners and a ring mount.

In one aspect, there 1s provided a device for use with a
vehicle-mounted 1mage acquisition unit. The device
includes a main body. The main body 1ncludes a first end, a
second end opposite to the first end, and a plurality of
stepped sections disposed between the first end and the
second end. The main body further defines an interior cavity
extending between the first end and the second end, and a
plurality of apertures therethrough between the first end and
the second end. The first end of the main body 1s configured
to be secured to the vehicle-mounted 1image acquisition unit.
The vehicle-mounted 1mage acquisition unit has a field of

view extending through the interior cavity and through the
second end to an outside environment surrounding a vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description, will be better understood when read in conjunc-
tion with the appended drawings. For the purpose of illus-
tration, certain examples of the present description are
shown 1n the drawings. It should be understood, however,
that the disclosure 1s not limited to the precise arrangements
and instrumentalities shown. The accompanying drawings,
which are incorporated in and constitute a part of this
specification, 1llustrate an implementation of system, appa-
ratuses, and methods consistent with the present description
and, together with the description, serve to explain advan-
tages and principles consistent with the disclosure. The
figures are not necessarily drawn to scale. Like numbers
used 1n the figures refer to like components. However, 1t will
be understood that the use of a number to refer to a
component 1n a given figure 1s not intended to limit the
component in another figure labeled with the same number.
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FIG. 1 1llustrates a schematic side view of an example of
a vehicle having a vehicle-mounted 1mage acquisition unit;

FIGS. 2A and 2B 1llustrate a front view and a perspective
view, respectively, of an example of a device associated with
the vehicle-mounted 1mage acquisition unit;

FIG. 2C illustrates a sectional side view of the device of
FIGS. 2A and 2B;

FIG. 3A illustrates the device secured to the vehicle-
mounted 1mage acquisition unit;

FI1G. 3B illustrates the device removed from the vehicle-
mounted 1mage acquisition unit;

FIGS. 4A and 4B illustrate sectional side views of dif-
ferent examples of the device;

FIGS. 5A, 5B and 5C 1illustrate different examples of
apertures of the device;

FIGS. 6A, 6B, 6C, 6D and 6F 1llustrate different examples
ol securing the device to the vehicle-mounted 1mage acqui-
sition unit;

FIG. 7 illustrates an exemplary operation of the device
when secured to the vehicle-mounted 1mage acquisition unit;

FIG. 8 illustrates an example of the device with a flow
unit; and

FIG. 9 illustrates a sectional side view of another example
of the device.

DETAILED DESCRIPTION

The following detailed description 1s provided to assist
the reader 1n gaining a comprehensive understanding of the
methods, apparatuses, and/or systems described herein.
Accordingly, various changes, modifications, and equiva-
lents of the systems, apparatuses and/or methods described
herein will be suggested to those of ordinary skill in the art.
Also, descriptions of well-known functions and construc-
tions may be omitted for increased clarity and conciseness.

It 1s to be understood that the phraseology and terminol-
ogy employed herein are for the purpose of description and
should not be regarded as limiting. For example, the use of
a singular term, such as, “a” 1s not intended as limiting of the
number of i1tems. Further, it should be understood that any
one of the features can be used separately or in combination
with other features. Other systems, methods, features, and
advantages of the disclosure will be or become apparent to
one with skill in the art upon examination of the detailed
description. It 1s mtended that all such additional systems,
methods, features, and advantages be included within this
description, be within the scope of the present disclosure,
and be protected by the accompanying claims.

Referring now to the Figures, FIG. 1 illustrates an
example of a vehicle 100. An 1image acquisition unit 102 1s
mounted on the vehicle 100. The image acquisition unit 102
may be interchangeably referred to as a vehicle-mounted
image acquisition unit 102. The vehicle-mounted image
acquisition unit 102 may be provided at any location on the
vehicle 100, for example, a rear of the vehicle 100, a side of
the vehicle 100, a front of the vehicle 100, and so forth. The
vehicle-mounted 1mage acquisition unit 102 may provide
images based on the requirements of a driver or an occupant
of the vehicle 100. The images provided by the vehicle-
mounted acquisition unit 102 may also be used 1n any
ADAS, machine vision, automated driving or other function
as required by vehicle systems. In an example, the vehicle-
mounted 1image acquisition unit 102 may help the drniver to
view areas rear of the vehicle 100. In another example, the
vehicle-mounted 1image acquisition unit 102 may help the
driver to view areas to the side of the vehicle 100. In some

examples, the vehicle-mounted 1mage acquisition unit 102
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may process image data to detect objects, such as objects to
the rear of the vehicle 100 during a reversing maneuver. In
some examples, the vehicle-mounted image acquisition unit
102 may be used to detect vehicles, such as approaching or
following vehicles, or vehicles at a side lane adjacent to the
vehicle 100. The vehicle-mounted 1mage acquisition umnit
102 may also enable the driver to view areas 1n a blindspot.
The vehicle-mounted 1mage acquisition unit 102 may be
fixedly or adjustably mounted on the vehicle 100. The
vehicle-mounted 1image acquisition unit 102 may be config-
ured to acquire both still images and moving images (e.g.,
video). Further, the vehicle-mounted image acquisition unit
102 may include at least one of cameras, sensors, 1mage
sensors, optical sensors, laser sensors and scanners. The
vehicle-mounted 1mage acquisition unit 102 may further
include a lens (not shown).

Though one vehicle-mounted 1mage acquisition unit 102
1s shown 1n FIG. 1, multiple vehicle-mounted image acqui-
sition units may be disposed at diflerent locations on the
vehicle 100. The vehicle-mounted 1mage acquisition umnit
102 may process and provide images at a display device (not
shown) for viewing by the driver of the vehicle 100. The
display device may include any type of device including a
display, for example, but not limited to, a display in an
instrument panel of the vehicle 100, a head-up display
(HUD), a smartphone, a tablet computer, a rearview or a
sideview mirror including a display, and so forth. The
display device may be fixedly or adjustably mounted 1nside
or outside the vehicle 100. In some cases, the display device
may simultaneously or selectively display multiple 1images
from multiple vehicle-mounted image acquisition units 102.

Although the vehicle 100 1s illustrated as a passenger car
in FIG. 1, the vehicle-mounted image acquisition unit 102
may be used with other types of vehicles, for example,
buses, trucks, off-road wvehicles, motorcycles, aircraits,
bicycles, trams, locomotives, heavy-duty vehicles used in
construction and earthworking, and so forth.

FIGS. 2A and 2B 1illustrate a front view and a side view,
respectively, of a device 200 for use with a vehicle-mounted
image acquisition unit, such as the vehicle-mounted image
acquisition unit 102 described with reference to FIG. 1. FIG.
2C 1llustrates a sectional side view of the device 200. The
device 200 1s a stray light-reducing device for use with the
vehicle-mounted image acquisition unit 102. The device 200
may reduce background and side incident light (heremnafter
referred to as “‘stray light”). Referring to FIGS. 2A, 2B and
2C, the device 200 includes a main body 201 including a first
end 210 and a second end 220 opposite to the first end 210.
The main body 201 defines an interior cavity 230 extending
between the first end 210 and the second end 220. The first
end 210 of the main body 201 1s configured to be disposed
at or near the vehicle-mounted 1mage acquisition unit 102
(shown 1n FIG. 3B). In some examples, the first end 210 fits
over the vehicle-mounted 1image acquisition umt 102. The
vehicle-mounted 1mage acquisition unit 102 has a field of
view extending through the interior cavity 230 and through
the second end 220 to an outside environment surrounding
the vehicle 100 (shown i FIG. 3B). In some examples, the
main body 201 provides the vehicle-mounted 1mage acqui-
sition unit 102 with a wide field of view to the outside
environment surrounding the vehicle 100.

In some examples, the main body 201 i1s substantially
cone-shaped such that the main body 201 diverges from the

first end 210 toward the second end 220. The main body 201
has a first width “W1” at the first end 210 and a second width
“W2” at the second end 220. The first width “W1” 1s less

than the second width “W2”. In some examples, a ratio
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between the first width “W1” and the second width “W2” 1s
about 1:1.5, 1:2, 1:2.5, 1:3, 1:4, or 1:5. In some examples,
at least two opposing surfaces of the interior cavity 230
diverge relative to one another from the first end 210 of the
main body 201 toward the second end 220 of the main body
201. The main body 201 defines a longitudinal axis “LA”
along 1ts length “LM”. In some examples, the length “LM”
of the main body 201 may be increased to further reduce
stray light travelling to the vehicle-mounted 1image acquisi-
tion unit 102. However, by increasing the length “LM” of
the main body 201, the main body 201 may be more
susceptible to contaminants, such as dust, dirt, snow, water
droplets, and other environmental debris. In some examples,
the length “LM” of the main body 201 may be from about
5 centimeters (cm) to about 20 cm. In some other examples,
the length “LLM” of the main body 201 may be more than
about 20 cm. The length “LM” of the main body 201 1is
exemplary, and may be varied as per desired application
attributes.

In an example, the main body 201 has an annular cross-
section. In other examples, the main body 201 may have an
oval, a square, a rectangular, a triangular, or a polygonal
cross-section. In some examples, the main body 201 may
have an 1inner surface 202 and an outer surface 204. In some
examples, the inner surface 202 of the main body 201 may
be black-colored and/or have a matte surface finish for
maximum light absorption. The 1nner surface 202 includes
any geometry to reduce stray light travelling to the vehicle-
mounted 1mage acquisition unit 102. In some examples, the
iner surface 202 may have a circular, an oval, a square, a
rectangular, a triangular, or a polygonal cross-section. In
some examples, the outer surface 204 may include any
geometry to match acrodynamic requirements of the vehicle
100. In some examples, the outer surface 204 may have a
circular, an oval, a square, a rectangular, a triangular, or a
polygonal cross-section.

In some examples, the main body 201 includes a material
including at least one of glass-filled nylon, nylon 66, poly-
carbonate (PC), acrylonitrile butadiene styrene (ABS) and
polycarbonate-acrylonitrile butadiene styrene (PC-ABS). In
some examples, the main body 201 includes an elastic
and/or a flexible matenal.

In some examples, the main body 201 further includes a
plurality of stepped sections 250 disposed adjacent to each
other. The stepped sections 250 are defined on the inner
surface 202 of the main body 201. The outer surface 204
may also include similar stepped sections. The plurality of
stepped sections 250 are spaced apart from each other along
the longitudinal axis “LA” of the mamn body 201. The
plurality of stepped sections 250 are disposed between the
first end 210 and the second end 220. The plurality of
stepped sections 250 on the inner surface 202 may reduce
stray light travelling to the lens of the vehicle-mounted
image acquisition unit 102. In the illustrated examples, the
device 200 1includes two stepped sections 250. However, the
number of stepped sections 250 may vary as per desired
application attributes.

Each stepped section 250 of the plurality of stepped
sections 250 includes two edges 252 and 254. Further, the
inner surface 202 of the main body 201 includes one
additional edge 252 extending from the first end 210 and
disposed adjacent to the one of the stepped sections 250. The
edges 252, 254 may extend along a circumierence of the
inner surface 202 of the main body 201. Edge 252 may be
substantlally parallel along the longitudinal axis “LA” of the
main body 201. Edge 254 may be substantlally perpendicu-
lar to the longitudinal axis “LA” of the main body 201. In
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some examples, the plurality of stepped sections 250 may be
substantially L-shaped. In some examples, the edge 252 may
be inclined relative to the longitudinal axis “LA” of the main
body 201. In some examples, an angle Al between the edge
252 and the longitudinal axis “LA” of the main body 201
may be less than about 10 degrees. In some other examples,
the angle Al between the edge 252 and the longitudinal axis
“LA” of the main body 201 may be from about 10 degrees
to about 60 degrees. In some examples, an angle A2 between
the edge 254 and the longitudinal axis “LA” of the main
body 201 may be from about 30 degrees to about 90 degrees.
In some other examples, the angle A2 between the edge 254
and the longitudinal axis “LA” of the main body 201 may be
less than about 30 degrees. In some examples, an angle A3
between the edge 252 and the edge 254 may be from about
70 degrees to about 120 degrees. In some other examples,
the angle A3 between the edge 252 and the edge 254 may be
less than about 70 degrees. In some examples, the plurality
of stepped sections 250 may be present only on the inner
surface 202 of the main body 201.

Each edge 252 has a length “LLS”. In some examples, the
lengths “LLS” of the edges 252 may be equal to one another.
In some other examples, the lengths “LLS” of the edges 252
may be different from each other. Each edge 254 has a height
“HS”. In some examples, the heights “HS” of the edges 254
may be equal to one another. In some other examples, the
heights “HS” of the edges 254 may be different from each
other. In some examples, a ratio between the length “LS”
and the height “HS” ratio may be 1:1, 1.5:1, 2:1, 3:1, or 4:1.
The ratio selected may also be selected based on a field of
view “FOV” (shown 1n FIG. 7) of the image acquisition unit
102.

Stray light may be considerably reduced by optimizing
the parameters, such as the length “LLS”” and the height “HS”
of the edges 252, 254, respectively, and the angle A3
between the edges 252, 254.

In order to remove any contaminants from the interior
cavity 230 of the device 200, the main body 201 further
defines a plurality of apertures 240 therethrough between the
first end 210 and the second end 220. In some examples, the
plurality of apertures 240 are arranged 1in a plurality of
circumierential rows 245 spaced apart from each other along
the length “LM” of the main body 201. In other words, the
circumierential rows 245 are spaced apart from each other
along the longitudinal axis “LA” of the main body 201. The
position of the plurality of apertures 240 may be chosen such
that stray light from the outside environment surrounding
the vehicle 100 does not enter the interior cavity 230 of the
device 200 through the plurality of apertures 240. In the
illustrated example, the plurality of apertures 240 are present
in each of the edges 254 and extend substantially along the
length “LM” of the main body 201. Specifically, a set of
apertures 240 start from each edge 254 and extends through
the main body 201. Further, another set of apertures 240 start
from the second end 220 and extends through the main body
201. In some other examples, the plurality of apertures 240
are alternatively or additionally present in each of the edges
252, 254 and are inclined to the longitudinal axis “LA” of
the main body 201. In some examples, two or more of the
plurality of apertures 240 may be 1n fluidd communication
with each other. The main body 201 defines an aperture axis
“HA” of each aperture 240. In the 1llustrated example, the
aperture axis “HA” of each aperture 240 1s substantially
parallel to the longitudinal axis “LLA” of the main body 201.

In some examples, each aperture 240 has a circular
cross-section. In some examples, a diameter of each aperture
240 may be from about 1 millimeter (mm) to about 10 mm.
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In some other examples, the diameter of each aperture 240
may be less than about 1 mm. In other examples, one or
more of the apertures 240 may have an oval, a square, a
rectangular, a triangular, or a polygonal cross-section. The
plurality of apertures 240 may be drilled or molded 1n the
main body 201. A density of the apertures 240 may be 1n a
range of about 5 to 100 apertures per cm”. The diameter, the
shape, and the density of the plurality of apertures 240 are
exemplary, and may be varied as per desired application
attributes. For example, the diameter, shape, and density of
the plurality of apertures 240 may be varied based on the
type of the vehicle-mounted image acquisition unit 102 and
the mount location of the vehicle-mounted 1image acquisition
unit 102. Moreover, the diameter, shape, and density of the
plurality of apertures 240 may be varied such that stray light
from the outside environment surrounding the vehicle 100
does not enter the interior cavity 230 of the device 200
through the plurality of apertures 240.

An airflow from the first end 210 or the second end 220
may be generated from the movement of the vehicle 100
(e.g., while driving). In operation, as the vehicle 100 moves
torward or backward, the airtlow 1s generated that tlows into
the device 200. This airflow within the interior cavity 230 of
the main body 201 1s at least partially expelled through the
plurality of apertures 240 and removes the contaminants,
such as loose dirt or debris, that may have accumulated on
the lens or in the interior cavity 230. In other words, the
airtlow blows the contaminants off the lens and the 1nterior
cavity 230 through the plurality of apertures 240 1n the main
body 201. In some examples, the airflow may be artificially
generated by a flow unit (shown in FIG. 8) to discharge the
contaminants through the plurality of apertures 240. In some
examples, a water mister may also be included 1n coopera-
tion with the airflow from the movement of the vehicle 100
and/or the tlow unait.

FIG. 3A 1llustrates an 1mage acquisition system 300 for
use with the vehicle 100. The image acquisition system 300
includes the image acquisition unit 102 and the device 200.
In the 1llustrated example, the device 200 1s secured to the
vehicle-mounted 1mage acquisition umit 102. In some
examples, the device 200 may be removably attached to the
vehicle-mounted 1mage acquisition unit 102. The first end
210 of the main body 201 1s secured to the vehicle-mounted
image acquisition unit 102 by at least one of adhesive,
fasteners and a ring mount. In some other examples, the
device 200 may be an integral component of the vehicle-
mounted 1mage acquisition unit 102.

FIG. 3B illustrates the device 200 removed from the
vehicle-mounted image acquisition unit 102. In some
examples, the device 200 may be removed from the vehicle-
mounted 1mage acquisition umt 102 for cleaning purposes.

FIGS. 4A and 4B illustrate sectional side views of other
exemplary devices 400, 500, respectively. FIG. 4A 1llus-
trates the device 400 similar to the device 200 shown of
FIGS. 2A, 2B and 2C, with each of features 401 to 454
corresponding to equivalent features 201 to 2354 of the
device 200. The main body 401 defines a longitudinal axis
“LA1” along 1ts length “LLM1”, and an aperture axis “HA1”
of each aperture 440. In some examples, the aperture axis
“HA1” of each aperture 440 1s inclined relative to the
longitudinal axis “LA1” of the main body 401. In the
illustrated example, the aperture axis “HA1” of each aper-
ture 440 1s mclined toward the second end 420. In some
examples, an angle A4 between the aperture axis “HA1” and
the longitudinal axis “LLA1” may be from about 10 degrees
to about 60 degrees. In some other examples, the angle A4
between the aperture axis “HA1” and the longitudinal axis
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“LA1” may be less than about 10 degrees. The angle A4
between the aperture axis “HA1” and the longitudinal axis
“LA1” may be chosen such that the angle A4 enhances the
egress of the contaminants from the interior cavity 430 of the
main body 401.

FIG. 4B illustrates the device 500 similar to the device
200 shown of FIGS. 2A, 2B and 2C, with each of features
501 to 554 corresponding to equivalent features 201 to 254
of the device 200. The main body 501 defines a longitudinal
axis “LA2” along 1ts length “LM2”, and an aperture axis
“HA2” of each aperture 540. In some examples, the aperture
axis “HA2” of each aperture 540 1s inclined relative to the
longitudinal axis “LLA2” of the main body 501. In the
illustrated example, the aperture axis “HA2” of each aper-
ture 540 1s inclined toward the first end 510. In some
examples, an angle AS between the aperture axis “HA2” and
the longitudinal axis “LA2” may be from about 10 degrees
to about 60 degrees. In some other examples, the angle AS
between the aperture axis “HA2” and the longitudinal axis
“LA2” may be less than about 10 degrees. The angle A5
between the aperture axis “HA2” and the longitudinal axis
“LA2” may be chosen such that the angle AS enhances the
egress of the contaminants from the 1interior cavity 530 of the
main body 501.

FIGS. 5A, 5B, 5C illustrate different shapes of each
aperture 240 of the device 200 (shown 1in FIGS. 2A-20).
FIG. SA illustrates an aperture 240q that 1s cylindrical along
its length. FIG. 5B illustrate an aperture 24056 that 1s sub-
stantially cuboidal along its length. FIG. 5C illustrate an
aperture 240c¢ that 1s cone-shaped along 1ts length. In this
example, the aperture 240¢ may act like a nozzle to improve
discharge of the contaminants.

FIGS. 6A, 6B, 6C, 6D, and 6E illustrate different
examples of securing the device 200 to the vehicle-mounted
image acquisition unit 102 (shown 1n FIG. 1).

FIG. 6A illustrates the device 200 with an attachment
portion 615 including an adhesive layer 610. The adhesive
layer 610 on the attachment portion 6135 adhesively engages
the first end 210 with the vehicle-mounted 1mage acquisition
unit 102 (shown in FIG. 1). In some other examples, the first
end 210 of the device 200 may include the adhesive layer
610 for attachment with the vehicle-mounted 1image acqui-
sition unit 102.

FIG. 6B 1illustrates the device 200 with mounting tabs
620. The first end 210 of the device 200 may include the
mounting tabs 620. The mounting tabs 620 includes one or
more apertures 625 therethrough for mounting the device
200 at or to the vehicle-mounted 1image acquisition unit 102
via suitable fasteners (not shown), for example, screws,
bolts, a nut and bolt assembly, or the like.

FIG. 6C illustrates the device 200 with a threaded portion
630. In some other examples, the first end 210 of the device
200 may include the threaded portion 630. FIG. 6C 1llus-
trates the device 200 with an external threaded portion 630.
However, 1n some other examples, the first end 210 may
include an internal threaded portion (not shown). The exter-
nal threaded portion 630 can be threadingly engaged with an
internal threaded portion (not shown) of the wvehicle-
mounted 1image acquisition umt 102. In some examples, the
internal threaded portion may be formed on an 1inner surface
of the first end 210 and can be threadingly engaged with an
external threaded portion (not shown) of the wvehicle-
mounted 1mage acquisition unit 102.

FIG. 6D 1illustrates the device 200 with a bayonet type
mounting mechanism 640. The first end 210 of the device
200 may include an attachment portion 641 with one or more
radial pins 645. In some examples, the attachment portion
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641 includes two radial pins 645. However, in some other
examples, the attachment portion 641 may include L-shaped
slots (not shown). The radial pins 645 disposed on the
attachment portion 641 can be locked with corresponding
L-shaped slots 646 1n the vehicle-mounted 1image acquisition
unit 102. In some other examples, a L-shaped slot formed in
the attachment portion 641 can be locked with a radial pin
(not shown) 1n the vehicle-mounted 1mage acquisition unit

102.

FIG. 6F 1llustrates a mount ring 650. The first end 210 of
the device 200 may include an attachment portion 651
secured to the vehicle-mounted 1mage acquisition unit 102

using the mount ring 6350.

FI1G. 7 1llustrates the device 200 mounted to the vehicle-
mounted 1image acquisition unit 102 (partially shown i FIG.
7). The vehicle-mounted 1image acquisition unit 102 has the
“FOV” extending through the interior cavity 230 and
through the second end 220 to an outside environment “OE”
surrounding the vehicle 100 (shown i1n FIG. 1). In some
examples, the main body 201 provides the vehicle-mounted
image acquisition unit 102 with a wide field of view to the
outside environment “OE” surrounding the vehicle 100.

In some examples, the device 200 may substantially
prevent stray light “SL” in the outside environment “OE”
from 1interfering with the operation of the vehicle-mounted
image acquisition unit 102. The plurality of stepped sections
250 defined on the mner surface 202 may reduce or elimi-
nate stray light “SL” travelling to the lens of the vehicle-
mounted 1image acquisition umt 102. The apertures 240 may
be positioned such that stray light “SL” does not enter the
interior cavity 230 of the device 200 through the apertures
240. In some examples, the apertures 240 may substantially
extend along the longitudinal axis “LA” of the device 200
such that stray light “SL”” cannot enter 1into the interior cavity
230 through the apertures 240.

An airflow “AF” flows into the device 200. In the 1llus-
trated example, the airtlow “AF” flows from the first end
210. However, the airflow “AF” may alternatively or addi-
tionally flow from the second end 220. The airtlow “AF”
may be generated due to the movement of the vehicle 100 or
by a tflow unit (not shown). The airflow “AF” enters the
interior cavity 230 of the main body 201 and 1s at least
partially expelled through the apertures 240. The airflow
“AF” may remove various contaminants, such as loose dirt
or debris, that may have accumulated on the vehicle-
mounted 1image acquisition unit 102 or 1n the interior cavity
230. The airtlow “AF” may entrain the contaminants and
flow the contaminants through the apertures 240 1n the main
body 201. The device 200 may therefore provide seli-
cleaning and stray-light reducing functionality upon attach-
ment with the vehicle-mounted 1image acquisition unit 102.

FI1G. 8 illustrates the device 200 including a flow unit 800
configured to generate flow of a flmd within the interior
cavity 230 (shown i FIG. 2C) such that the fluid 1s
discharged through the plurality of apertures 240 (shown 1n
FIG. 2C) to remove the contaminants 1n the device 200. In
some examples, the flow unit 800 may be mounted next to
the vehicle-mounted 1image acquisition unit 102 (shown in
FIG. 1). In some other examples, the flow unit 800 may be
mounted anywhere 1n the vehicle 100. The tlow unit 800
may include one or more hoses 820 or conduits to route the
fluid to the desired location 1n the interior cavity 230. The
flow unit 800 may include one or more of a fluid tank, a fluid
compressor, and a pump. In some examples, the fluid
compressor may include a vehicle air compressor already 1n
use 1n the vehicle 100, such as for supplying pressurized air
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for a suspension system, or for engine charging, brake
actuating, lock actuating and/or the like.

In some examples, the flow unit 800 may further include
any a nozzle, a blower, a dirt detector or a combination
thereof. In some examples, the hoses 820 may be routed
directly to the iterior cavity 230 of the device 200. In some
examples, the flmd 1s fed to the interior cavity 230 of the
device 200 from a valve 830. In some examples, nozzles
830a, 830H6 may be configured to spray the interior cavity
230 of the device 200 with the fluid. In some examples, the
nozzles 830a, 8306 may be attached to an end of the one or
more hoses 820. In some examples, the fluid 1s compressed
air, a cleaning fluid, aerosolized fluid, or a combination
thereof. In some examples, the compressed air may include
any gas, such as engine or compressor exhaust, nitrogen, and
the like, suitable for blowing through the device 200 to
remove contaminants. In some examples, the fluid 1s fed to
the nozzle 830a from a valve 840.

In some examples, the nozzles 830a, 8306 are configured
to blow air across the device 200 to blow ofl the contami-
nants, such as loose dirt or debris through the plurality of
apertures 240.

In some examples, a controller 810 1s communicatively
coupled to the flow unit 800. In some examples, the con-
troller 810 regulates the flow unit 800 to direct the fluid to
the interior cavity 230. Further, the controller 810 may
receive output signals from the dirt detector (not shown). In
some examples, the controller 810 1s configured to detect the
contaminants 1n the interior cavity 230 based on the detec-
tion by the dirt detector. The dirt detector may detect the
contaminants and generate electrical signals based on the
detection.

In some examples, the controller 810 may provide an
output to a user interface (not shown). The user interface
may include the display device. In some examples, the user
interface may include an audio device, a haptic device, one
or more mput devices (e.g., keyboard, touchscreen, keypad
etc.), or combinations thereof. In some examples, the con-
troller 810 may generate an alert or notification upon detect-
ing the contaminants in the interior cavity 230. The alert or
notification may be sent to the user interface. The alert or
notification may be visual, audible, haptic, or combinations
thereof.

In certain cases, the controller 810 may automatically
activate the tlow unit 800 upon detecting the contaminants
in the interior cavity 230. In some other examples, the
controller 810 1s programmed to activate the flow unit 800
to supply the fluid at a scheduled time after the start-up of
the vehicle 100. In some examples, the controller 810 may
periodically activate the tlow unit 800. In some examples,
the controller 810 may analyze images captured by the
vehicle-mounted image acquisition unit 102 and activate the
flow unit 800 based on the image quality of the captured
images. In some examples, the flow unit 800 generates a
constant flow of the fluid at all times during the operation of
the vehicle-mounted 1image acquisition unit 102. In some
other examples, the flow of the fluid may be 1n a pulsed
manner. In order to create the pulsed flow of the fluid, the
controller 810 can transmit a pulse width modulated control
signal to operate the flow unit 800.

The controller 810 may include a processor (not shown)
and a memory (not shown). The memory may include
computer executable 1nstructions that are executable by the
processor to perform a logic associated with the controller
810. In an example, the controller 810 may 1nclude analog-
to-digital converters to process the signals from the various
components of the tlow unit 800.
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The processor and the memory may be 1n communication
with each other. The processor may be in communication
with additional components. The processor may be in com-
munication with the user interface that may indicate to the
driver the presence of the contaminants 1n the interior cavity
230 of the device 200. In some examples, the processor may
also receive mputs from the driver via the user iterface to
activate the flow unit 800. The controller 810 may control
various parameters of the flow umt 800 based on the mputs
received from the driver.

The processor may be any device that performs logic
operations. The processor may include a general processor,
a central processing unit, an application specific integrated
circuit (ASIC), a digital signal processor, a field program-
mable gate array (FPGA), a digital circuit, an analog circuit,
a controller, a microcontroller, any other type of processor,
or any combination thereof. The processor may include one
or more components operable to execute computer execut-
able 1nstructions or computer code embodied 1n the memory.

The logic associated with the controller 810 may be
implemented 1n one or more modules including hardware or
a combination of hardware and software. For example, each
module may include an application specific itegrated cir-
cuit (ASIC), a Field Programmable Gate Array (FPGA), a
circuit, a digital logic circuit, an analog circuit, a combina-
tion of discrete circuits, gates, or any other type of hardware
or combination thereof. Alternatively or in addition, each
module may include memory hardware, such as a portion of
the memory, for example, that includes 1nstructions execut-
able with the processor or other processor to implement one
or more of the features of the module. When any one of the
modules includes the portion of the memory that imncludes
istructions executable with the processor, the module may
or may not include the processor. In some examples, each
module may just be the portion of the memory or other
physical memory that includes instructions executable with
the processor or other processor to implement the logic of
the corresponding module without the module including any
other hardware.

Some of the features of the controller 810 may be stored
in a computer readable storage medium (for example, as
logic implemented as computer executable instructions or as
data structures 1n memory). All or part of the controller 810
and 1ts logic and data structures may be stored on, distrib-
uted across, or read from one or more types ol computer
readable storage media. Examples of the computer readable
storage medium may 1nclude a hard disk, a floppy disk, a
CD-ROM, a flash drive, a cache, volatile memory, non-
volatile memory, RAM, flash memory, or any other type of
computer readable storage medium or storage media. The
computer readable storage medium may include any type of
non-transitory computer readable medium, such as a CD-
ROM, a volatile memory, a non-volatile memory, ROM,
RAM, or any other suitable storage device.

The processing capability of the controller 810 may be
distributed among multiple entities, such as among multiple
processors and memories, optionally including multiple
distributed processing systems. Additionally, peripheral
interfaces (not shown) may be provided. The peripheral
interfaces may include analog interfaces (e.g., LVDS senial
interface), digital interfaces, such as 12C, SPI, CAN, LIN, or
similar digital high speed transmission interface, or Ethernet
to connect the controller 810 to other devices, for example,
the display device.

FI1G. 9 illustrates a device 900 substantially similar to the
device 200 shown of FIGS. 2A, 2B and 2C. A main body 901
defines a longitudinal axis “LLA3” along its length “LM3”. In
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the 1llustrated example, a plurality of stepped sections 950
are only present on an inner surface 902 of the main body

901. An outer surface 904 of the main body 901 1s smooth
and does not include stepped sections. The outer surtface 904
of the main body 901 1s cone-shaped along 1ts length “LLM3”
and diverges from a first end 910 toward a second end 920.
However, in some other examples, the outer surface 904
may include any geometry to match aerodynamic require-
ments of the vehicle 100 (shown i FIG. 1). In some
examples, the outer surface 904 may have a circular, an oval,
a square, a rectangular, a triangular, or a polygonal cross-
section. However, the mner surface 902 includes the plural-
ity of stepped sections 950 1rrespective of a geometry of the
outer surface 904. In some cases, the outer surface 904 may
include some hooks, eyes or similar fastening means for
fixation purposes.

Each stepped section 950 of the plurality of stepped
sections 930 includes two edges 952 and 9354. Further, the
inner surface 902 of the main body 901 includes one
additional edge 952 extending from the first end 910 and
disposed adjacent to one of the plurality of stepped sections
950.

In order to remove any contaminants from an interior
cavity 930 of the device 900, the main body 901 further
defines a plurality of apertures 940 therethrough between the
first end 910 and the second end 920. In some examples, the
plurality of apertures 940 are arranged in a plurality of
circumierential rows spaced apart from each other along the
length “LLM3” of the main body 901.

Unless otherwise indicated, all numbers expressing fea-
ture sizes, amounts, and physical properties used in the
specification and claims are to be understood as being
modified by the term “about”. Accordingly, unless indicated
to the contrary, the numerical parameters set forth in the
foregoing specification and attached claims are approxima-
tions that can vary depending upon the desired properties
sought to be obtained by those skilled 1n the art utilizing the
teachings disclosed herein.

Although specific embodiments have been 1illustrated and
described herein, 1t will be appreciated by those of ordinary
skill 1n the art that a varnety of alternate and/or equivalent
implementations can be substituted for the specific embodi-
ments shown and described without departing from the
scope of the present disclosure. This application 1s intended
to cover any adaptations or vanations of the specific
embodiments discussed herein. Therefore, it 1s intended that
this disclosure be limited only by the claims and the equiva-
lents thereof.

Furthermore, the features of the disclosure disclosed in
this specification, the claims and the drawings may be
employed both individually and 1n any possible combination
for practicing the disclosure 1n its various exemplary
embodiments. In particular, all claim feature combinations,
irrespective of the claim dependencies, are covered with this
application.
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800 Flow Unit

810 Controller

320 Hose

830a Nozzle

8306 Nozzle

840 Valve

850 Valve

900 Device

901 Main Body

910 First End

920 Second End

930 Interior Cavity

902 Inner Surface

904 Outer Surface

950 Plurality of Stepped Sections
952 Edge

954 Edge

940 Plurality Of Apertures
LM3 Length

LLA3 Longitudinal Axis

The mvention claimed 1s:

1. A device for use with a vehicle-mounted 1mage acqui-
sition unit, the device comprising:

a main body including a first end and a second end
opposite to the first end, wherein the main body turther
defines:
an interior cavity extending between the first end and

the second end;
a longitudinal axis extending through the interior cav-
ity; and
a plurality of apertures therethrough between the first
end and the second end, each of the plurality of
apertures 1ncluding an aperture axis extending
through the aperture, at least one of the aperture axes
inclined relative to the longitudinal axis; and
wherein the first end of the main body 1s configured to be
disposed at or near the vehicle mounted 1image acqui-
sition unit, the vehicle-mounted 1image acquisition unit
having a field of view extending through the interior
cavity and through the second end to an outside envi-
ronment surrounding a vehicle.

2. The device according to claim 1, wherein the main
body 1s substantially cone-shaped such that the main body
diverges from the first end toward the second end.

3. The device according to claim 1, wherein the plurality
ol apertures are arranged in a plurality of circumierential
rows spaced apart from each other along a length of the main
body.

4. The device according to claim 1, wherein the main
body further includes a plurality of stepped sections dis-
posed adjacent to each other.

5. The device according to claim 4, wherein the plurality
of stepped sections are defined on an inner surface of the
main body.

6. The device according to claim 1, wherein each aperture
axis 1s mclined relative to the longitudinal axis of the main
body.

7. The device according to claim 1, wherein at least one
aperture from the plurality of apertures 1s cone-shaped along
its length.

8. The device according to claim 1, wherein each aperture
has a circular cross-section.

9. The device according to claim 1, wherein the first end
of the main body 1s secured to the vehicle-mounted image
acquisition unit by at least one of adhesive, fasteners and a
ring mount.
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10. The device according to claim 1, further comprising a
flow unit configured to generate flow of a fluid within the
interior cavity such that the fluid 1s discharged through the
plurality of apertures.

11. The device according to claim 1, wherein the main
body comprises a material including at least one of glass-
filled nylon, nylon 66, polycarbonate (PC), acrylonitrile
butadiene styrene (ABS) and polycarbonate-acrylonitrile
butadiene styrene (PC-ABS).

12. An 1mage acquisition system for use with a vehicle,
the 1mage acquisition system comprising:

an 1mage acquisition unit mounted on the vehicle; and

a device comprising a main body, the main body including

a first end and a second end opposite to the first end,

wherein the main body further defines:

an interior cavity extending between the first end and
the second end;

a longitudinal axis extending through the interior cav-
ity; and

a plurality of apertures therethrough between the first
end and the second end, each of the plurality of
apertures 1including an aperture axis extending
through the aperture, at least one of the aperture axes
inclined relative to the longitudinal axis; and

wherein the first end of the main body 1s configured to be

disposed at or near the i1mage acquisition unit, the

image acquisition unit having a field of view extending

through the interior cavity and through the second end

to an outside environment surrounding the vehicle.

13. The image acquisition system according to claim 12,
wherein the 1image acquisition unit comprises at least one of
cameras, sensors, image sensors, optical sensors, laser sen-
sors and scanners.

14. The image acquisition system according to claim 12,
wherein the main body 1s substantially cone-shaped such
that the main body diverges from the first end toward the
second end.

15. The image acquisition system according to claim 12,
wherein the plurality of apertures are arranged 1n a plurality
of circumierential rows spaced apart from each other along
a length of the main body.

16. The image acquisition system according to claim 12,
wherein the main body further includes a plurality of
stepped sections disposed adjacent to each other.

17. The image acquisition system according to claim 12,
wherein each aperture axis 1s inclined relative to the longi-
tudinal axis of the main body.

18. The image acquisition system according to claim 12,
wherein at least one aperture from the plurality of apertures
1s cone-shaped along its length.
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19. The 1mage acquisition system according to claim 12,
wherein the first end of the main body i1s secured to the
image acquisition unit by at least one of adhesive, fasteners
and a ring mount.

20. A device for use with a vehicle-mounted 1mage
acquisition unit, the device comprising:

a main body including a first end, a second end opposite
to the first end and a plurality of stepped sections
disposed between the first end and the second end,
wherein the main body further defines:
an interior cavity extending between the first end and

the second end;
a longitudinal axis extending through the interior cav-
ity; and
a plurality of apertures therethrough between the first
end and the second end, each of the plurality of
apertures 1ncluding an aperture axis extending
through the aperture, at least one of the aperture axes
inclined relative to the longitudinal axis; and
wherein the first end of the main body 1s configured to be
secured to the vehicle-mounted 1mage acquisition unit,
the vehicle-mounted 1mage acquisition unit having a
field of view extending through the interior cavity and
through the second end to an outside environment
surrounding a vehicle.

21. A device for use with a vehicle-mounted 1mage
acquisition unit, the device comprising;

a main body including a first end, a second end opposite
to the first end, and a plurality of stepped sections
disposed on an interior of the device between the first
end and the second end, each of the plurality of stepped
sections 1ncluding a step surface, wherein the main
body further defines:
an interior cavity extending between the first end and

the second end;
a longitudinal axis extending through the interior cav-
ity; and
a plurality of apertures therethrough between the first
end and the second end, each of the plurality of
apertures 1ncluding an aperture axis extending
through the aperture, at least one of the aperture axes
inclined relative to at least one of the step surfaces;
wherein the first end of the main body i1s configured to be
secured to the vehicle-mounted 1image acquisition unit,
the vehicle-mounted 1mage acquisition unit having a
field of view extending through the interior cavity and
through the second end to an outside environment
surrounding a vehicle.
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